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STEREOSCOPIC DISPLAY APPARATUS 
USING LCD PANEL 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

The present application is related to US. patent application 
Ser. No. 11/120,331, ?led May 3, 2005 Which is now US. 
Pat. No. 7,198,373, entitled DISPLAYAPPARATUS USING 
LCD PANEL, by Silverstein et al., the disclosure of Which is 
incorporated herein. 

FIELD OF THE INVENTION 

This invention generally relates to electronic projection 
and more particularly relates to a stereoscopic electronic pro 
jection apparatus using an LC modulator panel or panels for 
forming a full color stereoscopic projection image. 

BACKGROUND OF THE INVENTION 

Liquid crystal (LC) technology has been successfully har 
nessed to serve numerous display applications, ranging from 
monochrome alphanumeric display panels, to laptop comput 
ers, and even to large-scale full color displays. As is Well 
knoWn, an LC device forms an image as an array of pixels by 
selectively modulating the polarization state of incident light 
for each corresponding pixel. Continuing improvements of 
LC technology have yielded the bene?ts of loWer cost, 
improved yields and reliability, and reduced poWer consump 
tion and With steadily improved imaging characteristics, such 
as resolution, speed, and color. 
One type of LC display component, commonly used for 

laptops and larger display devices, is the so-called “direct 
vieW” LCD panel, in Which a layer of liquid crystal is sand 
Wiched betWeen tWo sheets of glass or other transparent mate 
rial. Continuing improvement in thin-?lm transistor (TFT) 
technology has proved bene?cial for direct vieW LCD panels, 
alloWing increasingly denser packing of transistors into an 
area of a single glass pane. In addition, neW LC materials that 
enable thinner layers and faster response time have been 
developed. This, in turn, has helped to provide direct vieW 
LCD panels having improved resolution and increased speed. 
Thus, larger, faster LCD panels having improved resolution 
and color are being designed and utilized successfully for full 
motion imaging. 

Alternatively, miniaturization and the utilization of 
microlithographic technologies have enabled development of 
LC devices of a different type. Liquid crystal on silicon 
(LCOS) technology has enabled the development of highly 
dense spatial light modulators by sealing the liquid crystal 
material against the structured backplane of a silicon circuit. 
Essentially, LCOS fabrication combines LC design tech 
niques With complementary metal-oxide semiconductor 
(CMOS) manufacturing processes. 

Using LCOS technology, LC chips having imaging areas 
typically smaller than one square inch are capable of forming 
images having several million pixels. The relatively mature 
level of silicon etching technology has proved to be advanta 
geous for the rapid development of LCOS devices exhibiting 
high speeds and excellent resolution. LCOS devices have 
been used as spatial light modulators in applications such as 
rear-projection television and business projection apparatus. 

With the advent of digital cinema and related electronic 
imaging opportunities, considerable attention has been 
directed to development of electronic projection apparatus. In 
order to provide a competitive alternative to conventional 
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2 
cinematic-quality ?lm projectors, digital projection appara 
tus must meet high standards of performance, providing high 
resolution, Wide color gamut, high brightness, and frame 
sequential contrast ratios exceeding 1,000:1. LCOS LCDs 
appear to have advantages as spatial light modulators for 
high-quality digital cinema projection systems. These advan 
tages include relatively large device size, small gaps betWeen 
pixels, and favorable device yields. 

Referring to FIG. 1, there is shoWn a simpli?ed block 
diagram of a conventional electronic projection apparatus 10 
using LCOS LCD devices. Each color path (FRed, gIGreen, 
b:Blue) uses similar components for forming a modulated 
light beam. Individual components Within each path are 
labeled With an appended r, g, or b, appropriately. Following 
the red color path, a red light source 20r provides unmodu 
lated light, Which is conditioned by uniformizing element 22r 
to provide a uniform illumination. A polarizing beamsplitter 
24r directs light having the appropriate polarization state to a 
spatial light modulator 30r Which selectively modulates the 
polarization state of the incident red light over an array of 
pixel sites. The action of spatial light modulator 30r forms the 
red component of a full color image. The modulated light 
from this image, transmitted along an optical axis O, through 
polarizing beamsplitter 241’, is directed to a dichroic combiner 
26, typically an X-cube or a Philips prism. Dichroic combiner 
26 combines the red, green, and blue modulated images from 
separate optical axes O/Og/Ob to form a combined, multi 
color image for a projection lens 32 along a common optical 
axis O for projection onto a display surface 40, such as a 
projection screen. Optical paths for blue and green light 
modulation are similar. Green light from green light source 
20g, conditioned by uniformizing element 22g is directed 
through a polarizing beamsplitter 24g to a spatial light modu 
lator 30g. The modulated light from this image, transmitted 
along an optical axis Og, is directed to dichroic combiner 26. 
Similarly blue light from red light source 20b, conditioned by 
uniforrnizing optics 22b is directed through a polarizing 
beamsplitter 24b to a spatial light modulator 30b. The modu 
lated light from this image, transmitted along an optical axis 
Ob, is directed to dichroic combiner 26. 

Among examples of electronic projection apparatus that 
utilize LCOS LCD spatial light modulators With an arrange 
ment similar to that of FIG. 1 are those disclosed in US. Pat. 

No. 5,808,795 (Shimomura et al.); US. Pat. No. 5,798,819 
(Hattori et al.); US. Pat. No. 5,918,961 (Ueda); US. Pat. No. 
6,010,221 (Maki et al.); US. Pat. No. 6,062,694 (OikaWa et 
al.); US. Pat. No. 6,113,239 (Sampsell et al.); and US. Pat. 
No. 6,231,192 (Konno et al.) 
As each of the above-cited patents shoWs, developers of 

motion-picture quality projection apparatus have primarily 
directed their attention and energies to LCOS LCD technol 
ogy, rather than to solutions using TFT-based, direct vieW LC 
panels. There are a number of clearly obvious reasons for this. 
For example, the requirement for making projection appara 
tus as compact as possible argues for the deployment of 
miniaturized components, including miniaturized spatial 
light modulators, such as the LCOS LCDs or other types of 
compact devices such as digital micromirrors. The highly 
compact pixel arrangement, With pixels typically sized in the 
10-20 micron range, alloWs a single LCOS LCD to provide 
suf?cient resolution for a large projection screen, requiring an 
image in the range of 2048x1024 or 4096x2048 pixels or 
better as required by Society of Motion Picture and Television 
Engineers (SMPTE) speci?cations for digital cinema proj ec 
tion. Other reasons for interest in LCOS LCDs over their 
direct-vieW LCD panel counterparts relates to performance 
























